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Fig 1 Crystal structure of 10 (ORTEP, vibration ellipsoids at the 50% probability level) at room temperature with selected bond lengths [pm] The analogy to azulene also extends to the electronic spectrum of 10, which like that of azulene consists of three structural band systems whose extinctions decrease with increasing wavelength. Their positions compared to those of the bands of azulene, however, are strongly bathochromically shifted, so that the longest wavelength absorptions already lie in the near IR.
10 not only belongs to the few hydrocarbons with a planar eight-membered but, in addition, it is also a completely planar 14 n-electron system which has no further cyclic conjugated subunits apart from the 14 n perimeter. The molecular structure and spectroscopic properties justify the classification of 10 as a non-benzenoid aromatic hydrocarbon. Like dodecahedrane 2['.21 among the spherically annelated polyquinanes, the "C1,-hexaquinane"[31 3 is the most fascinating member of the centrally annelated so-called centrop~lyquinanes.[~~ In contrast to 1, however, centrohexacyclic hydrocarbons like the centrohexaquinane 3 and the corresponding hexaene 4 have not yet been synthesized, even though they are of considerable interest regarding their special ring c o~p l i n g . The only centrohexacyclic compound known so far is the triether 5 , which was synthesized simultaneously by Simmons et a1.@] and Paquette et al.[91 Attempts to prepare 3 via a route similar to that used for the synthesis of 5 have thus far
Centrohexaindan, The First Hydrocarbon with
As the hexabenzo derivative of 4 , compound 1 is the first hydrocarbon with centrohexacyclic molecular structure.
The fascination of the centrohexaquinane structure of 1 lies in the annelation of six cyclopentane rings around a central C atom common to all rings.l4] The central neopentane skeleton is bridged by six o-phenylene groups corresponding to the six edges of a regular tetrahedron, such that the central, quaternary C atom is surrounded by four further, equivalent quaternary sp3-C atoms1''] and therefore should exhibit ideal tetrahedral coordination.['" Furthermore, in the ground state l should have prefect Td symmetry, in analogy to the hexaene 4 calculated by Ermer. f61 Centrohexaindan 1 combines a number of known lower benzoannelated centropolyquinane moieties (centropolyindans). Thus, in 1, three 2,2'-spirobiindans are fused along the three space axes to give a three-dimensional cross, tribenzotriquinacenel'*l and tri~tindan"~' (sym-tribenzo- The molecular structure of 1 is also of special interest from the point of view of the graph theory.16' Like the triether 5 , compound 1 is a topologically non-planar molecule. The complete mutual coupling of the five neopentane C atoms (vertices) via the central C-C bonds and the peripheral o-phenylene bridges corresponds to the complete graphs K 5 (Fig. la) , whose connecting lines cannot be projected into the plane without mutual intersection (Fig.  lb) . The synthesis of 1, based on the recently reported fenestrindan 6, which is accessible in gram amounts in nine steps from 1,3-indandione and dibenzylidenea~etone,~'~~ is astonishingly easy. 6 can be readily functionalized with bromine at all. four bridgeheads to give the tetrabromofenestrindan 7.[I6l This is most surprising, since a high torsional strain should be generated by the pairwise synoriented bromine atoms on the bridgeheads. In actual fact the double 1,3-interaction in 7 leads to a conformation with S4 symmetry which is static on the NMR time scale (Scheme 1). Therefore, different to the case of 6, [14] no AA'BB' system is observed in the 300-MHz 'H-NMR spectrum for the four aromatic rings, but instead an ABCX system, whereby an ortho-proton is in each case strongly deshielded by the neighboring benzene ring. ["] Scheme 1. Conformers of 7
When 7 is heated together with four equivalents of AlBr3 in benzene, fourfold C-C coupling takes place with formation of the centrohexaindan 1 in 50yo overall yield! During the reaction, salt-like intermediates are formed whose structural elucidation should provide interesting details about the hitherto unknown fenestrane ions with carbenium centers at the bridgeheads. The spectroscopic data of 1 are unequivocal (Table 1) . Although the solubility is quite high for a compound of this molecular size (C4'HZ4) and highly symmetrical structure compared to the lower centr~polyindans,['~~'~~ the melting point lies well above the usual limit (420°C). As expected the mass spectrum shows no mentionable fragmentation of the molecular skeleton. The degeneracy of all six indan units of 1 manifests itself in the NMR spectra: The 'H-NMR spectrum consists of only one AA'BB' system for all twelve ortho and meta H atoms; the l3C-NMR spectrum shows only five signals for the total 41 C atoms. As expected, the UV spectrum of 1 resembles those of benzoannelated centrotriquinanes and centrotetraqui- nanes~12-141 and gives no indication of distinct electronic interactions between the six aromatic 7c systems. Experirnenlal 7: 8.0 mL of a 1 M solution of Br2 in CCll was added dropwise to a stirred suspension of 736 mg (2.0 mmol) of 6 in 50 mL of anhydrous CCI,. After addition of 4.0 mL of the Br2/CCI, solution a homogeneous solution formed, from which, on further addition of Br2/CCI4, the tetrabromide 7 precipitated. For completion of the reaction, the mixture was irradiated for ca. 20 min with a photolamp (500 w ) . After removal of the solvent by evaporation and subsequent recrystallization of the lemon-yellow residue from toluene, 865 mg of 7 (63%) were obtained in the form of colorless needles (m.p. 341 "C). 1 : A solution of 7 (500 mg, 0.73 mmol) in warm anhydrous benzene (100 mL) was treated dropwise at 40°C within 2 h with 10.0 mL of a 0.10 M solution of AIBr3 in benzene. An orange-red complex first separated out, and then redissolved on completion of the addition of AIBr,. The mixture was then heated under gentle reflux for 40 h. After hydrolytic work-up and recrystallization of the light-yellow crude product from 20 mL of xylene, 300 mg of 1 (80%) were obtained in the form of colorless needles. salts, which have already proven useful for the preparation of alkyl and alkenyl cup rate^,"^ we found that the bislactim-ether cuprates 3 can be obtained by reaction of 2 with CuBr. S(CH3)2 in the presence of dimethyl sulfide. The cuprate 3a reacts highly selectively with 2-enones 4 to give 1,4-adducts; the diastereofacial selectivity at the heterocycle is extremely high (> 100 : 1 ; Table l), i.e. one obtains almost exclusively the (2R,5S) epimers of the adducts, the precursors of the corresponding D-a-amino-6-oxocarboxylic acids (type 14). Simple cyclic enones such as cyclopentenone and cyclohexenone (4a and 4b, resp.) react also with high enantiofacial selectivity at the double bond. Of four possible diastereomers, almost only the (ZR,SS,l'R)-isorners 5a and 5b are formed, i.e. two stereocenters are created highly selectively at the same time. The (2R,l'R) configuration of 5b was confirmed by an X-ray structure analysis. Cyclic enones with a substituent in the 3-position (e.g. 4d) react with lesser enantiofacial selectivity. The same holds true for conformationally flexible acyclic enones with substituents in the 3-position (e.g. 4e and 4f).[ 'I Reaction of 3a with (-)-(R)-carvone 4h leads because of favorable double stereoselection (matched case) and because of highly selective protonation at C-2', almost exclusively to (2R,I'R,2'R)-5h. The diastereomeric ratio is ca. 100 : 3 : 2 : 1. The structure of 5h was confirmed by an Xray analysis. With ( + )-(S)-carvone (mismatched case) the diastereomers are formed in the ratio 10 : 5 : 1.5 : 1.5.
Enantio-and Diastereoselective Synthesis of

